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Abstract 

This study examines the community-wide effects of investments in two early childhood initiatives in North 
Carolina (Smart Start and More at Four) on the likelihood of a student being placed into special education. 
We take advantage of variation across North Carolina counties and years in the timing of the introduction 
and funding levels of the two programs to identify their effects on third-grade outcomes. We find that both 
programs significantly reduce the likelihood of special education placement in the third grade, resulting in 
considerable cost savings to the state. The effects of the two programs differ across categories of disability, 
but do not vary significantly across subgroups of children identified by race, ethnicity, and maternal 
education levels. 
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L Introduction 


Participation in early child care and education (ECE) programs in the United States increased 
substantially during the 1990s and early 2000s as a result of improvements in the quality and availability 
of childcare programs and the expansion of state-supported programs for high-quality center or school- 
based preschools (Barnett, 2011; Magnuson, Ruhm, & Waldfogel, 2007). This increase abated during 
the end of the last decade, however, perhaps due to the economic crisis and growing questions about 
the relative economic cost-effectiveness of state-supported programs (Barnett, 2011). In his 2014 State 
of the Union Address, President Obama renewed his call for providing early education opportunities to 
all children, noting that one of the best investments we can make in a child's life is high-quality early 
education (US News and World Report online, January 29, 2014). Numerous studies have found that 
children who participate in small, high-quality, ECE programs experience gains that persist throughout 
their schooling and into early adulthood (Mervis, 2011; Barnett, 2011; Camilli, Vargas, Ryan, & Barnett, 
2010); however, evaluations of larger-scale federal and state programs indicate a more mixed pattern 
regarding the persistence and cost-effectiveness of effects (Barnett, 2011; Currie & Thomas, 1995; U.S. 
DHHS, 2010). Rigorous evaluation of the impact of state-level early childhood policies is thus an urgent 
priority. 

This study examines how investments in two early childhood initiatives in North Carolina - one 
that provides child, family and health services for 0-5 year olds and the other that funds pre-school slots 
for 4 year olds - affect the probability that children are placed into special education by the end of third 
grade. The secular rise in special education placements over time and the high costs of these programs 
make this focus both timely and important. Furthermore, a recent public funding model for pre- 
kindergarten in Utah is predicated on the expectation that investment in high-quality preschool will 
lower special education cost outcomes (Dubno, 2011). We ask: is there evidence that by making 
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available high-quality preschool and other early childhood programs, special education placements are 


reduced when children are enrolled in third grade? 

North Carolina has been a national leader in developing initiatives designed to address 
childhood disadvantages. The Smart Start Initiative (SS) began in the early 1990s with the goal of 
improving the delivery and quality of childcare and preschool services for children between the ages of 0 
and 5. Complementary to SS, the More at Four (MAF) preschool program was introduced in 2001 to 
provide access to high-quality preschool for disadvantaged four-year-olds. In a prior study, we reported 
positive effects of each program on third-grade standardized test scores in reading and math that were 
robust across numerous model specifications and sub-groups of children (Ladd, Muschkin, & Dodge, 
2014). Based on the research literature and these findings, we hypothesized that these benefits would 
extend to special education placements. 

As in our prior study, our empirical strategy is to take advantage of the variation across North 
Carolina counties and years in the timing of the introduction and funding levels of the two programs to 
identify their effects on third-grade outcomes. As we describe below, we combine information at the 
individual level from birth records over a 13-year period with third-grade outcome data at the child 
level, and programmatic funding data at the county level. Our treatment variable is the per-child funding 
level for each of the programs for each year, and the "treated" children are all those of the appropriate 
age who were living in the county during the specified year, not just those who participated in funded 
services. Thus, we measure average county-wide effects of each program, rather than effects on 
individual participants. In this way, we incorporate both direct and spillover effects of the two programs. 
In addition to examining how the early childhood programs affect overall placement rates, we also 
examine effects on placement in specific exceptionality categories. It is plausible, even likely, that these 
programs would affect some types of placements (e.g., behavior disorder, learning disability) to a 
greater degree than others (e.g., physical handicaps). We also explore heterogeneity in these effects, by 
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evaluating whether the impact on special education placements varies across groups of children based 


on ethnicity, race, and maternal education level. 

E Background and Prior Research 

The research literature clearly documents adverse outcomes typically associated with special 
education placements in third grade. Placement in special education in third grade is associated with a 
widening deficit in reading ability and academic performance (Aron & Loprest, 2012; Hibel, Farkas, & 
Morgan, 2010), and with a high risk for failing to achieve later successful life-course outcomes, including 
high school completion, post-secondary education, employment, earnings, and freedom from 
involvement with the criminal justice system (Aron & Loprest, 2012; Hibel, Farkas, & Morgan, 2010). 

From the perspective of public education, the financial benefits of reducing special education 
placements are substantial. Researchers estimate that the average annual per-pupil cost of special 
education is approximately double that of regular education (Harr, Parrish, & Chambers, 2008; 
Verstegen, 2011). 

The benefits of avoiding special education placements are tempered by a consensus that ethical 
and humane treatment includes accommodations for children with enduring disabilities, even if they 
cost a great deal. Indeed, the law requires schools to serve those children with identifiable disabilities 
(Aron & Loprest, 2012). Developmental science indicates, however, that some disabilities that become 
chronic are a function of an interaction between a child's endowment and early environmental 
experiences (Caspi & Moffitt, 2006), suggesting that systematic intervention to alter early experiences 
could prevent later disability. We thus proceed with a heuristic model that optimal education policy 
attends to three different groups of young children who are at risk for disability. One group of children is 
born with chronic disabilities that require lifelong attention, such as physical handicaps and genetic 
abnormalities. Although long-term special education placement for these children is costly, these 
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placements are both humane and cost-effective. A second group includes young children who are at 


risk for a later chronic disability that could be alleviated by early identification and educational 
treatment during preschool or grades K-2, followed by a transition out of special education before grade 
3. Studies that examine outcomes for students who are placed early and then successfully transition out 
of special education find that these children continue to increase their gains in academic and intellectual 
functioning across later development (Daley & Carson, 2009; Innocenti, 2005). A third group of young 
children is also at risk for a special education diagnosis, but with high-quality early environmental, 
childcare, and educational experiences, the need for special education placement could be prevented 
altogether. 

The outcome measure in our study is special education placement at the end of third grade, 
thus capturing program effects on reducing the second and third groups without distinguishing between 
them. Measurement in third grade is appropriate because transitions out of special education decline 
after age 9. Jenkins et al. (2006) estimate that 41 percent of students identified with a disability in pre- 
kindergarten transition out of special education by grade 3; only 26 percent of students with a disability 
in grade 3 are declassified by age 19. This trend, together with the higher proportions of grade 
retention among students with disabilities, inflates the cumulative costs of special education for 
students who continue to need services after the third grade (Bartik, 2011; Dong, 2010; Reschly & 
Christenson, 2006; Silverstein et al., 2009). 

A. How early childhood programs might alter later chronic disability 

Significant cognitive and behavioral disadvantages emerge before children enter kindergarten. 
These disadvantages often cascade into chronic disabilities as children progress through school (Dodge 
et. al, 2009). As skill begets skill, so does disability beget disability. Cunha, Heckman, and Schennach 
(2010) describe a multistage production function for children's cognitive skills. They find that the 
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elasticity of substitution between investments in one period and stocks of skills in that period decreases 


in later stages of the life cycle in the production of cognitive skills. Their finding implies that it is optimal 
to invest relatively more in the early stages of childhood than in later stages. Early childhood 
intervention provides the best opportunity to reduce early cognitive and social disabilities (Barnett, 

2011; Burkam & Lee, 2002; Heckman & Masterov, 2007). Recent evidence suggests that early 
intervention has effects on children at high risk for special needs that are equivalent or larger than the 
effects on typically developing children (Phillips & Meloy, 2012). 

Potential developmental effects of early education and childcare experiences on later chronic 
disabilities may vary in important ways across types of disability. Early intervention and high-quality 
experiences might help children at risk for mild disabilities avoid special education diagnosis and 
placement altogether (Aron & Loprest, 2012). Children who attend school-based preschool programs 
are more likely to receive support for the transition to kindergarten, and effective transition strategies 
significantly improve the school success of high-risk children (Carlson et al., 2009; Phillips & Meloy, 

2012; Schulting, Malone, & Dodge, 2005). 

Teachers in high-quality child-care programs are trained to identify children performing below 
normative expectations, thereby increasing the likelihood of effective remediation at an early age 
(Mann, McCartney, & Park, 2007). High-quality early childhood programs can prevent unnecessary 
disability diagnoses and special education costs among minority children and children from low-income 
families. Children who experience family disadvantage may develop poor social and cognitive skills in 
school that sometimes are misdiagnosed as learning disabilities or emotional-behavioral disabilities 
(Hibel, Farkas, & Morgan, 2010). High-quality early childhood education can compensate for this early 
disadvantage and thus avoid the need for special education services in elementary school. 

Children identified as having speech and language impairments and specific learning disabilities, 
which constitute about half of all exceptionality categories in North Carolina (see Figure 5), are the most 
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likely to "graduate" from special education back into regular education during early elementary grades if 


their disability is identified early (Daley & Carson, 2009; Innocenti, 2005). Finally, children with chronic 
physical handicaps and severe disabilities would not be expected to leave special education once 
identified; thus, early intervention would not affect their course of special education placement. 

One of the goals of this study is to investigate variations in effects of program investments on 
student placement in different types of exceptionality categories. We hypothesize that the two 
programs would prevent special education placements for "preventable" conditions, specifically, 
behavioral-emotional handicaps, educable and mental handicaps, specific learning disabilities, and 
autism (classified in NC as part of 'other" conditions), but they would have no impact on "non- 
preventable" conditions, specifically, speech-language impairments and physical disabilities (blindness, 
deafness, etc.). We are agnostic about differential effects of the two programs on the preventable 
conditions. 

B. The impact of early childhood interventions on special educational disabilities 

The research community has devoted considerable effort to evaluating the returns to 
investments in preschool education. We review a limited set of evaluation studies, focusing on those 
that have examined effects on special education placement and the persistence of effects over time. 

Studies of the effectiveness of the Abecedarian and High Scope/Perry Preschool programs find 
that both programs reduced special education placements through age 15 (Abecedarian: Campbell & 
Ramey, 1995) and through high school (Perry Preschool: Schweinhart et al., 2005). Although these 
findings are important, they might not generalize to implementation at the population level. These 
model programs were designed to deliver intensive and high-quality services to participant children 
under conditions of close supervision, and they were evaluated with only small samples in randomized 
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controlled trials. These conditions provide strong internal validity, but they limit usefulness for 
predicting the effectiveness of state-level programs that are delivered with less intensity at scale. 

Recent studies of state-level programs find that participants experience gains in cognitive 
measures over the short term (Gormley, Gayer, Phillips & Dawson, 2005; Huang, Invernizzi, & Drake, 
2012; Wong, Cook, Barnett, & Jing, 2005), and a few studies find significant improvements in reducing 
special education placements for participating children (Daley & Carlson, 2009; Phillips & Meloy, 2012). 
Although these results are promising, they provide no evidence on the persistence of program benefits 
beyond two years. 

Conyers, Reynolds, and Ou (2003) examine the impact of the Chicago Child-Parent Centers 
(CPC), a high-quality public school early childhood program, by comparing participants with a matched, 
non-treated comparison group. They found that children who participated in CPC had significantly lower 
special education placement rates than non-participants from first through eighth grade. Temple, 
Reynolds, and Arteaga (2010) found similar long-term benefits of CPC participation on overall special 
education placement, as well as placement for specific learning disabilities. 

These state-wide longitudinal studies, though important, share the problematic feature that 
their findings may be subject to selection bias, since children are not randomly assigned to the early 
childhood program that is being evaluated. Even the most rigorous quasi-experimental design is 
vulnerable to selection bias that arises when families of participating children vary on unobservable 
characteristics related to the likelihood that a child will be placed in special education. This selection 
problem is further exacerbated in the context of special education placements, since appropriate 
identification of special needs at early ages is likely to vary with unobserved characteristics such as a 
teacher's perceptiveness and parents' willingness to access special services for the child. 

All of the studies reviewed here measure program impact only on children who were assigned to 
an early childhood program. Thus, they ignore the possibility of spillover effects, given that program and 
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control children reside in the same communities and attend the same schools. Positive spillovers would 


occur if high-quality early childhood programs improve the elementary-school classroom environment 
for all children. For example, positive spillover results when all children in a classroom, as well as their 
teacher, benefit from having fewer classmates in need of academic or behavior remediation. The result 
is that the teacher can attend more to the task of high-quality academic instruction for all children, 
thereby preventing special education placements for the entire population. In such a case, typical 
evaluations underestimate program effects. Negative spillovers would arise if an education system 
functions at equilibrium with a fixed number of special education slots for the population, independent 
of actual need, perhaps due to prior employment of special education teachers in need of students to 
teach, or external funding predicated on identification of a fixed number of students. In this case, 
prevention of special education placement among a subgroup that has received early intervention 
would be offset by an increase in placement rates among the group that had not been targeted for 
intervention (either the control group or a non-matched remainder group). Under these circumstances, 
evaluations based only on program participants would overestimate program impact, especially if the 
program is later implemented at scale. 

The possibility of either positive or negative spillover is a specific type of a broader limitation of 
past studies, one inherent in study designs that identify control students from the same schools as 
intervention students, that is, the non-independence of participants and the resulting misspecification 
of standard errors. In the current design, standard errors are clustered within districts to account for 
non-independence. Our research design thus avoids some of the threats to external validity of many 
large-scale evaluations, as well as to their policy relevance; like public health, education policy is 
concerned with population-level impact. 
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DL The Current Research Question and Policy Context 


Our study addresses the question: what are the community-wide effects of state-supported 
early education initiatives on special education placements in third grade? In particular, we examine the 
effects on special education placements for all age-appropriate children, not only those who 
participated directly in state-supported centers and classrooms. Although the unit of analysis in our 
study is the individual student, we focus on average effects across all children in a community. This 
community-wide approach provides a more comprehensive platform for policymakers to view the 
benefits of investing in early education programs, both for the children who are directly affected, and 
for the classrooms, schools, and districts in which they learn. 

Children born during the period covered by this study (every qualifying birth in North Carolina 
between 1988 and 2000) have had access to special education services that have evolved through the 
passage and expansion of the federal Individuals with Disabilities Education Act (IDEA). From its 
inception in 1975, IDEA required the public education system to meet the needs of children with 
disabilities through "free and appropriate public education in the least restrictive environment." This 
phrase denotes the emphasis of this legislation on providing, whenever possible, instruction for special 
needs students within regular classrooms. The impact on public education has been enormous, with the 
growth of the special needs population over the past 20 years increasing far more rapidly than public 
school enrollments as a whole. The secular trend in special education placements for students ages 3-21 
is represented in Figure 1, showing a steady increase in the proportion of children served under IDEA to 
a peak of 13.8% of the eligible population in 2004, declining only slightly to 13.1% in 2010. North 
Carolina's enrollments followed a similar pattern, peaking at 14.4% in 2005 and declining to 12.5% in 
2010. 
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Figure 1. Number of Individuals Served under IDEA as 
Percentage of Total Enrollment: Ages 3-21 



United States — — — North Carolina 

The evolution of IDEA and the funding structures for meeting children's special needs have 
important implications for the timing of educational intervention and the types of services they receive. 
Signaling a shift in emphasis toward preventive interventions, a 1986 amendment to IDEA required that 
children with disabilities become eligible for services from their school district at age 3. This change was 
to be implemented in all states, as it was in North Carolina, by the 1991-92 school year. As a result, over 
the following two decades, the proportion of children ages 3-5 receiving special education services 
increased by 67%. Figure 2 provides trend information for children ages 3-5 served under IDEA part B, 
indicating steady increases for both the US and North Carolina, with peaks and declines similar to those 
of the larger age group depicted in Figure 1. Another important change in policy established IDEA Part C, 
a federal grant program focusing on the needs of children ages 0-2. In 2003, services for infants and 
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toddlers under IDEA covered approximately 2.6% of the 0-2 population in the United States and 1.8% in 


North Carolina. By 2010, these rates increased by 0.2% nationally and by 0.8% in North Carolina. 
Eligibility criteria have varied over time in North Carolina, with a tightening of criteria after services for 
infants and toddlers were consolidated under the state Department of Health and Human Services in 
2005. 


Figure 2. Number of Individuals Served 
under IDEA as Percentage of Estimated 
Resident Population: Ages 3-5 
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The most recent amendments to the IDEA were intended to boost the development of 


comprehensive publicly supported services for early intervention. However, as is the case for the 


broader range of special education programs provided by school districts, only a portion of the costs are 


covered by federal programs, with the remainder funded by state and local programs. As a result, 


eligibility criteria and funding levels vary considerably by state, and may vary over time as states 


experience increasing fiscal difficulties. Variation in the levels and distribution of funding sources for 


exceptional children in North Carolina public schools is presented in Figure 3, for all ages. Over time, the 
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largest component of funding comes from federal programs, including IDEA and Head Start, but the 
state has the fastest growing funding component for school-based special education. North Carolina's 
two state-wide early education initiatives serve as important vehicles for meeting the federally 
mandated (but not fully funded) screening and intervention services for children with special needs. 

IV. Early Childhood Initiatives in North Carolina 

The Smart Start Initiative (SS) and More at Four (MAF) Program provide funding to local entities 
for delivery of early childhood services designed to ensure that children enter school healthy and ready 
to learn. Each of these initiatives is an important vehicle for screening, referral, and service provision for 
children at risk of disabilities. Both SS and MAF began as demonstration projects in a small number of 
counties and were later expanded to serve all counties. Together, they are recognized as national 
models for early childhood initiatives to address academic achievement gaps. SS finances services for all 
children from birth to age 5, and MAF serves disadvantaged 4-year-olds. 

A. Smart Start Initiative 

The Smart Start initiative was the outcome of 1993 legislation that established the North 
Carolina Partnership for Children, a nonprofit corporation charged with developing a comprehensive, 
long range, strategic plan for early childhood development. The partnership provides funds to local 
nonprofit organizations representing individual counties or, in a few cases, groups of counties. The local 
communities can use the funding for a variety of services benefiting young children, such as daycare 
vouchers, health and family support services, childcare services, professional development, and 
promoting collaborations among local agencies providing IDEA Part C-funded developmental screenings. 
One of the goals of SS is to increase the proportion of high-quality childcare centers, where early 
intervention to prevent developmental delays is most likely to occur. 
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Organizations have substantial discretion over how they use SS funds, provided they use the 


funds to promote the development of children between the ages of 0 -5. From its inception, SS 
established inclusion of children with special needs as a high priority (Ponder, 2011). The mechanisms 
for serving children at risk of disabilities include funding of specific services and supports, fostering 
collaboration between special needs agencies and the broader early childhood community, and 
modifying childcare subsidy policies to provide incentives for programs to enroll children with special 
needs. A summary of Smart Start's efforts to provide services and supports for young children with 
special needs noted the following accomplishments as of 2009 (Ponder, 2011): 

• The number of infants and toddlers with special needs who were provided early 
intervention services annually increased from 4,719 in 2004 to 17,608 in 2009. 

• The average age at referral to early intervention decreased from 22 months in 2001 to 16 
months in 2008. 

• The number of preschool children with special needs served annually increased from 11,708 
in 2002 to 14,392 in 2009. The percent of childcare programs reporting at least one child 
with documented special needs who has been referred to services or who is being evaluated 
for special needs increased from 36% in 2003 to 45% in 2006. 

• The number of preschool special education students participating in childcare programs 
increased by 27% during this time period. 

In addition, an intervention launched by Smart Start, Assuring Better Child Health and 
Development, raised the proportion of children in this age group receiving recommended 
developmental screenings from 81 percent to 98 percent in participating counties (McCombs, personal 
interview, 2012). 

The state specifies no limits on the income levels of the families that may receive benefits, but it 
does require that at least 30 percent be spent on child care services for specific children. The flexibility 
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and breadth of the Smart Start initiative means that the treatment cannot, and should not, be viewed as 


a narrowly-defined program or package of specific program elements that has an impact only on its 
direct participants, but instead as a system-level effort to improve the quality of early childcare for a 
community. 

The Smart Start initiative was started in 1993 in 12 pilot partnerships that represent 18 different 
counties, then increased to more than 50 counties by 1997 and to all 100 by the 1998-99 school year. 
During that period, Smart Start funding rose to a peak in 2000 of $250 million (in 2009 $) and has since 
fallen. Across counties, average funding per 0-5 year old peaked in 2000 at about $400 per child and fell 
to about $220 per child in 2009 (the last year of current evaluation). A child living in a county with 
Smart Start funding for all five of his or her early childhood years would have access to Smart Start 
funding equal to about five times these per child amounts. Both the penetration and funding levels 
varied considerably between counties over the study period (Ladd, Muschkin, & Dodge, 2014). 

B. More at Four Pre-Kindergarten Program 

In North Carolina, More at Four (now NC Pre-K), the state-funded preschool program for at-risk 
4-year-olds, provides an important mechanism for identifying students with special needs and providing 
access to services. The More at Four (MAF) program was initiated in 2001 with the goal of addressing 
the lack of school readiness among low-income children in the year prior to kindergarten matriculation. 
MAF targeted "at risk" 4-year-olds who were eligible if the family had annual income at or below 75 
percent of the state median income, or if the child was limited English proficient, disabled, chronically ill, 
or had a developmental need. In addition, MAF served a critical role in ensuring screening for all special 
needs, and providing access to needed services through referrals to other agencies, or through 
intervention services provided within the MAF classroom or through other providers within the school 
district. 
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Funding for MAF was provided as classroom-based slots for eligible children, not for specific 


preschool programs. Across the study period, the program provided on average about $4,200 per slot 
for one year, which had to be supplemented with other funding sources, such as Title I, or IDEA Part B 
for special education interventions provided within the classroom. Over the period of our study, 
approximately half of the MAF slots were in public school settings, a third in for-profit community child 
care centers, and the remainder in nonprofit child care centers and Head Start programs. Each local 
entity designated acceptable sites for state-funded slots in classrooms that had to meet state-delineated 
quality standards for staff qualifications, class size, teacher-child ratios, and state child care licensing 
requirements. 

Importantly, because many children not funded by More at Four dollars were enrolled in the 
same centers as those who were funded, they also benefited from the spillover of high-quality standards 
required for MAF funding. Program evaluators found that these classroom quality standards were 
consistently maintained throughout the process of scaling-up MAF over this period, enrolling 
approximately 25 percent of all four-year-olds in 2010 (Peisner-Feinberg, 2008; NCOSBM, 2013). MAF 
has contributed to state-wide improvements in Pre-K quality: according to NIEER national evaluations of 
preschool programs, quality standards in North Carolina increased from a score of 7 in 2003 to 10 (the 
highest possible score) in 2010 (Barnett et al., 2010). In recognition of these and other potential 
spillovers, we use the same approach as for Smart Start and define the "treatment" as the availability 
and level of More at Four funding (per age-appropriate child) in the county. All counties in North 
Carolina provided funding for More at Four by 2004. Throughout the study period, there was significant 
variation in the distribution of funding and availability of classroom slots across counties (Ladd, 
Muschkin, & Dodge, 2014). 
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When first established and in recognition of its educational goal, MAF was managed by the 


Office of Early Learning within the North Carolina Department of Public Instruction. In 2011, the 
Legislature changed the name of More at Four to the North Carolina Pre-K Program and moved it to the 
NC Department of Health and Human Services. 

V. Analytical Approach and Methodology 

We focus on investments in two early education initiatives with state-wide implementation in 
North Carolina, Smart Start and More at Four, and evaluate their effects on the special education 
placements of children enrolled in third grade in public school between 1995 and 2010. Our approach is 
to estimate effects in models that examine special education outcomes in third grade as a function of 
state financial allocations to the county in which children were born and attended school, in the year(s) 
when the child was age-eligible for that funding. We describe the approach in more detail below. 

A. Data 

Information about students and the schools that they attend in the third grade is drawn from 
administrative data files provided by the NC Department of Public Instruction and made available to us 
through Duke University's North Carolina Education Research Data Center. In order to identify the 
county in which a child was born and eligible to receive early education services through Smart Start and 
More at Four, we link the education data to individual birth records for all children born in the state 
between 1988 and 2000 and enrolled in third grade between 1995 and 2010. We use for this analysis 
only the children whose records we were able to link across domains— that is, students who were born 
in North Carolina and were enrolled in third grade in a public school in a NC county. This matched 
sample comprises 68 percent of children born in North Carolina during this period. The match rate is 
lower for children of Hispanic mothers, around 56 percent, which may reflect higher levels of mobility 
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among this population, or may be due to problems in the matching process due to errors in recording of 


names. Based on the American Community Survey, we estimate that across all children born in NC, 74 
percent attend public schools in the state at ages 8 or 9; thus, our match rate of 68 percent accounts for 
more than 90 percent of the births in the state during the study period (Ladd, Muschkin, & Dodge, 
2014) 1 . We use birth record data to identify the individual-level control variables that we include in our 
models: gender, child's race and ethnicity, birth weight, marital status of the mother, education level of 
the mother, whether the father is identified, and race, ethnicity, and immigrant status of the mother. 

The outcome variables in our models are drawn from the educational administrative data files, 
and are based on the exceptionality information contained in the end-of-year data files submitted by 
the Accountability and Exceptional Children divisions of the North Carolina Department of Public 
Instruction. The reported classes and definitions of disability, or exceptionality categories, have changed 
over time. For this reason, we have grouped special education students into a smaller number of 
categories that reflect similarities in service needs. This type of alternate grouping has been used in 
other longitudinal research on special education students and is recommended as a practical means of 
facilitating discussion of program outcomes and policies (Aron & Loprest, 2012). Definitions for these 
exceptionality categories are presented in Appendix Table 1 (available online). Table 1A provides, for 
selected years, the distribution of third-grade EC students in our sample across exceptionality 
categories. Specific learning disabilities and speech-language impairments remained the two largest 
disability categories across the entire study period; however, specific learning disabilities declined from 
46 percent to 36 percent of all exceptional students— perhaps a reflection of successful interventions for 
this disability at ages earlier than third grade. Proportional increases in speech-language impairments 
and other health impairments reflect changing definitions and diagnoses of these 
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Table 1A. Exceptionality status by category and selected years (1997 - 2010) 



1997 

2001 

2005 

2008 

2010 

All 

years 

Behaviorally- 

Emotionally 

Handicapped 

250 

5.9% 

403 

5.3% 

377 

3.9% 

357 

3.1% 

133 

2.2% 

5345 

4.2% 

Educable and 

Mentally 

Handicapped 

541 

509 

1,113 

313 

604 

12,717 

12.8% 

6.7% 

11.5% 

2.7% 

9.9% 

10.0% 

Specific Learning 

1,958 

3,847 

3,419 

4,285 

2,583 

53,078 

Disabled 

46.4% 

50.5% 

35.3% 

36.8% 

42.3% 

41.8% 

Speech-Language 

964 

1,772 

2,217 

3,130 

1,184 

28,543 

Impaired 

22.8% 

23.2% 

22.9% 

26.9% 

19.4% 

22.5% 

Physical 

89 

184 

190 

222 

141 

2,625 

Disability Only 

2.1% 

2.4% 

2.0% 

1.9% 

2.3% 

2.1% 

Other Health 

294 

828 

1,425 

1,902 

972 

16,506 

Impaired Only 

7.0% 

10.9% 

14.7% 

16.4% 

15.9% 

13.0% 

Other Disability 

126 

3.0% 

81 

1.1% 

943 

9.7% 

4,421 

12.2% 

487 

8.0% 

8,207 

6.5% 

All years 

4,222 

100% 

7,624 

100% 

9,684 

100% 

11,630 

100% 

6,104 

100% 

127,021 

100% 


categories, such as the inclusion of attention disorders in the latter. The distribution of students across 
the remaining exceptionality categories was fairly stable over the study period. 


We created a third data set with administrative records of funding levels by county by year, for 
Smart Start and More at Four. All funding levels are calibrated to 2009 dollars. Information on school 
characteristics and district expenditures, used for sensitivity analyses, are drawn from the NCES 
Common Core of Data. Publicly available information is used to identify county level demographic 
characteristics that vary over time. 
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Table IB provides descriptive statistics for all outcome, predictor, and control variables used in 


our analyses. Appendix Table 2 (available online) provides detailed variable definitions and data 
sources. 
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Table IB. Descriptive Statistics 



Mean 

Std Deviation 

Early Childhood Initiative 

Smart Start ($ 100's per 0- to 5-year old)) 

11.5 

8.56 

More at Four ($ 100's) 

3.34 

2.52 

Student Characteristics 

Extremely low birth weight 

0.0045 

0.0672 

Very low birth weight 

0.0080 

0.0891 

Low birth weight 

0.0693 

0.2539 

High birth weight 

0.0995 

0.2993 

Female 

0.4911 

0.4999 

Child black 

0.3004 

0.4584 

Child native American 

0.0180 

0.1332 

Child Asian 

0.0100 

0.0999 

Child Hispanic 

0.0361 

0.1865 

Child mixed race 

0.0237 

0.1520 

Exceptionality Categories 

Gifted 

0.0749 

0.2632 

Behaviorally-Emotionally Handicapped 

0.0068 

0.0824 

Educable and Mentally Handicapped 

0.0161 

0.1259 

Specific Learning Disabled 

0.0639 

0.2447 

Speech-Language Impaired 

0.0354 

0.1849 

Physical Disability Only 

0.0034 

0.0579 

Other Health Impaired Only 

0.0208 

0.1427 

Other Disability 

0.0105 

0.1017 

Mother Characteristics 

Mother's education 

12.54 

2.4150 

Marital status (proportion married) 

0.6643 

0.4722 

Mother's age 

25.85 

5.8850 

No dad information 

0.1449 

0.3520 

Mother immigrant 

0.0597 

0.2369 

First bom 

0.4395 

0.4963 

Mother black 

0.03300 

0.4585 

Mother native American 

0.0165 

0.1274 

Mother Asian 

0.0115 

0.1067 

Mother Hispanic 

0.0362 

0.1867 

Mother other race 

0.0005 

0.0233 

School characteristics, test year 

Black students (share of student) 

0.3018 

0.2431 

Other minority students (share of students) 

0.0948 

0.1218 

Inexperienced teachers (share of teachers) 

0.1091 

0.1094 

Average licensure score of teachers (standardized) 

-0.026 

0.3224 

Demographic data by birth year 

Births to black mothers (share of births) 

0.2972 

0.1626 

Births to Hispanic mothers (share of births) 

0.0366 

0.0410 

Births to low-education mothers (share of births) 

0.2327 

0.0584 

Number of births (log) 

7.174 

1.008 

Total population (log) 

11.71 

0.9875 

Median family income (2009 $) 

57,658 

10,660 

Population on Food Stamps (share of population) 

0.0744 

0.0376 

Population on Medicaid (share of population) 

0.1343 

0.0565 

Per pupil spending by source, test year 

Federal (2009 dollars) 

774 

300 

State (2009 dollars) 

5287 

542 

Local (2009 dollars) 

1,883 

618 

No. of Observations 871,388 
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B. Analytic Framework 


Using the Exceptionality classifications from individual students' school records, we identify 

students who were placed in any category of special education. The same model specification is then 

applied to analyses of individual categories: behaviorally-emotionally handicapped; educable/mild 

mental disability; specific learning disability; speech-language disabled; physical disability; other health 

impaired; and other disability. 

The basic model takes the following form: 

Logit[P(E ict =1)] = PiSS icb * + P 2 MF icb * +p 3 X ib + p 4 Y it + p 5 D icb + a c + y b 
where: 

P ict is the unobserved probability of receiving any EC placement or placement in a specific EC 
category. We observe the binary indicator E ict , equal to 1 for EC placement in third grade and 0 
otherwise, for the ith student in county c in year t. 

SS icb * is a Smart Start variable for the ith child, defined further below: 

MF icb * is a More at Four variable for the ith child, defined further below: 

X ib is a vector of characteristics of the ith child and his/her parents children at the time of birth 
including, for example, the child's birth weight and the education level of the child's mother, 

Y it are characteristics of the ith child observed in year t, such as the race of the child, 

D icb are county demographic characteristics corresponding to the child's birth year, 
a c and y b are county and year fixed effects, where year refers to the year of birth. 

Of primary interest are the coefficients on the two program variables. In the basic model, we 
define the Smart Start variable as: 

SSj Cb — IPSSj Cb , age= o„.4>. 

where b refers to the period of eligibility for SS funding. PSS refers to the penetration of Smart Start 
defined as the inflation-adjusted dollars per child age 0-5 in the relevant county in each of the years 
when the child was under 5. As the sum of the penetration rates over the years when the child was 
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under 5, this measure accounts not only for different spending per year but also for the possibility that 


funding may not have been available in the relevant county during all the child's pre-school years. 

The analogous measure for MF iC b* is PMF iC b(a ge = 4 ) . In this case, the penetration rate refers to the 
inflation-adjusted dollars per four-year-old for More at Four in the relevant county for the year in which 
the child was four years old. Note that the variable is normalized by the total number of four-year-olds 
in a county, not by the smaller number of four-year-olds who meet the eligibility criterion. 

Consequently, one explanation for the variation across counties in this measure is the variation in the 
proportion of at risk four-year-olds to all four year olds. Much of the variation of this type would be 
absorbed, however, by the county fixed effects. Over time, the variation within a county could be 
attributable to a rise or fall in the proportion of eligible children to all four-year-olds. We have included 
county-year-level covariates of proportion of population on food stamps, proportion on Medicaid, and 
median family income. 

The county and year fixed effects are important to the model. By including fixed effects for each 
county, we rule out the possibility that positive findings for the early childhood programs are the result 
of stable county-specific activities or investments that differ across counties and are correlated with the 
state's investments in SS and MAF. Since we include county fixed effects, our estimates reflect 
departures from placement trends in each county. We include year fixed effects to control for state level 
factors that could potentially affect all counties in a particular year, such as changes in eligibility criteria 
for special education services at different ages. Because the fixed effects control only for time-invariant 
differences across counties, we also control for a number of time-varying county characteristics, 
measured at the individual student's birth year. We include county-level indicators of the proportions of 
minority children and of children from disadvantaged families because differences in these proportions 
across birth cohorts could possibly be correlated with funding levels for SS and MAF. Total population 
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and median family income are included as well, to control for potential variation in counties' ability and 


willingness to invest in early childhood programs and to support public education. 

The models are estimated using logistic regression, appropriate for the special education 
outcomes that we define as binary variables. The primary outcome variable is the "any exceptionality" 
classification in third grade; secondary outcome variables specify each individual exceptionality 
category. We then introduce several variations to the basic model, first by including interaction terms to 
test for variation in effects across groups of children. In another model variation, we test whether the 
models are robust to the inclusion of additional predictors of special education placements. 

VI. Results 

The main results are presented in Table 2, with the logistic coefficients transformed to odds 
ratios for ease of interpretation. For the basic model, we define the outcome for each student as 
follows: having any exceptionality classification (excluding Academically Gifted) while enrolled in the 
third grade. For this binary variable, the reference group is all third graders who did not have any 
exceptionality classification (but it includes Academically Gifted), and is defined for all students in the 
study sample (N=871,388). A separate contrast compares students designated as Academically Gifted in 
the third grade with all other third graders. 
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mother, constructed with information from birth and education records. The pattern of odds ratios in 
analyses of covariates conforms to past literature. For example, the odds of having an exceptionality 
classification in third grade are 43 percent higher for children with low birth weight than for children of 
normal birth weight. For children with extremely low birth weight, the likelihood of an exceptionality 
classification is 344 percent higher than for children of normal birth weight. The odds of EC classification 
are comparatively high for: boys, children of unmarried mothers, children whose father is not listed on 
the birth certificate, children who have mothers who are unmarried, and children whose mothers are 
black or Native American. 
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Another important influence on special education placement is family socioeconomic status. 


Although ideally measured with information on household income, parental educational attainment, 
and occupational status, we have access only to information on the mother's educational attainment (in 
years) at the time of the child's birth. We consider this an appropriate proxy for family SES, based on 
findings from the Panel Study of Income Dynamics that parental education is more highly predictive of 
education outcomes than is family income (Davis-Kean, 2005). In Model 1, each additional year of the 
mother's educational attainment is associated with a 12 percent decrease in the odds of special 
education placement. This basic model includes only information from birth records and county-level 
data corresponding to each student's county of birth. We add information corresponding to students' 
third grade year (in the models reported in Table 4), in order to check the robustness of findings to 
inclusion of additional school and district-level variables. 

A. Main Effects 

Of primary interest in Table 2 are the odds ratios for the two program variables, measured as 
units of $100 investments in Smart Start and More at Four. These are per child expenditures, over the 
years that the child was eligible for services within the county of the student's birth and school 
enrollment. In Model 1, the odds ratios for the effects of each program variable are statistically 
significant and in the expected direction— investments in each program lower the odds of special 
education placement. Specifically, each $100 investment in SS reduces the odds of a student receiving a 
special education placement of any type by 1 percent; the same investment in More at Four reduces 
these odds by 3.47 percent. 

Although the odds ratio is an indicator of effect size, it is useful to estimate the SS and MAF odds 
ratios at meaningful levels of investment in these programs. The average Smart Start funding level for 
the entire sample period is approximately $1,100 ($220 per 0-5 child per year over the five years that a 
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child is eligible for SS funds); this is approximately equivalent to the average funding level during 2009. 


Based on the odds ratio for Smart Start in Model 1 of Table 2, an investment of $1,100 would reduce the 
likelihood of a special education placement in third grade by (1 - .901), or 10 percent reduction 2 . The 
magnitude of the More at Four odds ratio can be interpreted in a similar fashion. The average 
expenditure on MAF across the years in which the program existed was about $334 per four-year-old in 
the entire state. However, this average is far below the 2009 funding level for MAF, which is close to 
$1100 per four-year-old. At that higher funding level, MAF reduces the odds of special education 
placement in the third grade with a ratio of (1 - .678), or 32 percent reduction. Together, the two 
programs at the 2009 funding level reduce the odds of special education placement in the third grade by 
39 percent. 

Odds ratios for the effects of the SS and MAF program variables on individual disability 
categories are presented in Table 2, Models 2 through 8. The outcome variables in these models are 
binary variables coded 1 for students with a particular disability, and 0 for students who have no 
disability (including those classified as academically gifted without any disability). The sample size varies 
across each of these models, as students with other exceptionality classifications are excluded from the 
reference group. MAF significantly reduces placements for educable and mental handicaps, specific 
learning disabilities, and other health impairments. Each $100 investment in MAF reduces the odds of 
placement for specific learning disabilities by 4 percent; for educable mental handicap by 9 percent, and 
for other health impairment by 6 percent (this category includes some placements for attention 
disorders). The unexpected finding that MAF increases the odds of "other disability" is difficult to 
address because this is a low-base-rate and catch-all category that varies over time both in its definition 
and in the proportion of students included. 

Smart Start reduces the odds of placement for a specific learning disability but not in any other 
category. The impact of both Smart Start and More at Four on reducing placements for specific learning 
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disabilities is consistent with the hypothesis that this category is preventable. It is also the largest and 


most rapidly increasing disability group, accounting for 40 percent of all classifications (see Table 1A). 

Table 2 includes, in model 9, the results of analysis of "academically and intellectually gifted" 
(AIG) as an educational outcome in which the indicator variable is equal to 1 if a student is classified as 
AIG in the third grade, and 0 if the student is identified as not AIG and does not have any other EC 
classification. Smart Start significantly increases AIG identification, whereas the odds ratio for MAF is 
positive and similar in size but is less precisely estimated and is not statistically significant. 

B. Subgroup Analyses 

As noted earlier, the research evidence on effects of early education indicates that these 
programs may be most beneficial for children whose families experience some level of disadvantage. 
We test for differential effects of exposure to SS and MAF by introducing interaction terms to the basic 
model (Model 1 in Table 2). These terms test for variation in the effects of SS and MAF on special 
education placement by race, ethnicity, and education level of the child's mother. As reported in Table 
3, heterogeneous effects are present for race groups (mother is black vs. all others) and for education 
level of the mother (less than high school vs. all others). In the presence of the interaction term, the 
main effect of each program refers to the odds ratio of the program variable for the reference category: 
mother has at least a high school education (Model 1), the mother is not black (Model 2), or the mother 
is not Hispanic (Model 3). 
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The effects of the SS program variable are significantly higher for children in the less advantaged 
category of low maternal education, whereas the effects of MAF do not differ significantly by mother's 
education level. Although the Smart Start program coefficients for all of the racial groups are positive 
and statistically significant, they do not differ significantly one from another. The effects of MAF vary 
significantly by race; although the effects are positive for each racial group, they are smaller for children 
of black mothers. We find no evidence that the effects of SS differ significantly for students of Hispanic 
mothers, as compared with other ethnic groups, whereas MAF had a larger effect on children of 
Hispanic mothers than on children of non-Hispanic white mothers. 


VII. Sensitivity Tests 


The strongest threat to the validity of our findings is the possibility of a confound between state 
expenditures on the early childhood programs for a county within a particular year and a coinciding 
unmeasured variable. We consider two types of potential confounding variables measured in the year 
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that the child is in the third grade: characteristics of the school where the student was enrolled, and 


school district expenditure levels and sources. We test the sensitivity of our main results by adding these 
variables to the basic outcome model (this model is the same as reported in the first column of Table 2). 

The first sensitivity test involves adding characteristics of the school that the child attended in 
the third grade. We examine the effects of race composition and teacher characteristics, measured at 
the school level as: percentage of black students, percentage of other minority students, average 
licensure scores of all teachers in the school, and percentage of inexperienced teachers. As reported in 
Table 4, we find that inclusion of these school-level predictors has little effect on the estimated odds 
ratios for Smart Start and More at Four funding, and all effects remain significant. 

Figure 4: 2009-10 School Year, North Carolina 
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Source: Report of Children with Disabilities (IDEA), ED Facts, 2009-2010 
The second sensitivity test is reported in column 3 of Table 4, referring to the results of analyses 

that include two county-level measures of school resources. The model in column 3 does not include 
school-level characteristics. The measure included in column 3 is per pupil spending (in 2009 dollars) in 
the county where the child attended school, measured when the child is in third grade, while the 
programmatic funding for SS and MAF is measured for the relevant years before the child enters school. 
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In these models, we are addressing the concern that the absence of these time-varying resource 
variables would lead to biased estimates of program effects and that their inclusion might substantially 
reduce the magnitudes of the estimated program effects. That concern is based on the potential for a 
positive correlation between changes in program funding and subsequent changes in school funding 
within counties. In our models (Appendix Table 3, available online), we find that total per pupil 
expenditures have a significant, very small positive impact on special education placements. However, 
we note that in column 2 of Table 4, the odds ratios for the programmatic variables are very similar to 
those in our basic model, indicating that our results are not sensitive to time-varying resources at the 
county level. In this model, the effects of both Smart Start and MAF on reducing exceptionality 
placements remain significant, with the estimated effects now slightly larger than in the basic model. 
This pattern is consistent with the view that the programs may have some effect on the quality of the 
schools that children subsequently attend, with the children who are at higher risk of being identified as 
having special needs attending the lower quality schools. 

Vm. Conclusions 

We find that access to early childhood programs in North Carolina significantly reduces special 
education placements in third grade. At 2009 funding levels, the Smart Start Initiative reduces 
placements by 10 percent and the More at Four Program by 32 percent. Together, at these funding 
levels the two programs reduce the odds of special education placement by 39 percent. Furthermore, 
we examine programmatic effects on placement for each disability category and find evidence of effects 
on the preventable categories of specific learning disability (both SS and MAF), educable mental 
handicap (MAF), and other health impaired (MAF), but not the less malleable categories of physical 
disability and speech-language impaired. Neither program has a measurable impact on behavioral- 
emotional disabilities. We find evidence that Smart Start reduces placements more for children of less 
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well-educated mothers than for children of more well-educated mothers, and more for children of black 


mothers than for children of white mothers. These interactions occur in a context of generally positive 
effects on all subgroups and indicate a matter of degree rather than change in direction of effect. Thus, 
Smart Start is likely to have a positive impact on reducing population-level income and racial gaps in 
special education placements. In contrast, although More at Four has a positive effect on all subgroups, 
the program's net effects are larger for children of white mothers than for children of black mothers. 
This pattern was unexpected and bears further scrutiny. 

Our study is limited by the lack of detailed information on our outcome measures. We are able 
to determine disability status only according to the categories established each year for federal 
reporting on exceptional children in public schools. Because these categories and their definitions 
changed over the period covered by our study, we had to develop alternative, somewhat more inclusive 
disability classifications than we would have preferred. Our re-classification may have influenced the 
pattern of effects in our models, particularly across individual disability categories. For individual 
students, we do not have any information on symptoms or severity of conditions that lead to special 
education placement. More detailed information of this type would provide some insight into possible 
mechanisms through which the programs influence disability status across types of placements. 

As noted earlier, for Smart Start an investment level of $1100 per child generates a 10 percent 
reduction in third-grade special education placements. It is useful to consider these program benefits in 
terms of cost reductions across all third graders in the community. The cost reductions associated with 
this Smart Start effect may be roughly estimated by considering a single year of expenditures associated 
with special education placement. In 2005-06, North Carolina spent approximately $8,000 per third- 
grader who received special education services, on top of the cost of regular education. A reduction of 
10 percent in special education placements for one year only (1,508 third graders) would represent a 
savings for the year of $112 for every third grade student enrolled in North Carolina 3 . 
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We find that More at Four investments generates an even larger savings in terms of reduced 


special education placements in third grade. An investment of $1,100 per child in More at Four results in 
a reduction of 32 percent of special education placements in third grade. Considering the 2005-06 
school year, this reduction represents a savings of $358 per student enrolled in the third grade across 
the state. Because many students receive special education services for multiple years, the benefits of 
either early childhood intervention are likely to be much higher than this single year savings. For 
example, if students who receive special education services in third grade also receive these services in 
kindergarten, first, and second grades, the per-student savings associated with Smart Start investments 
is $448, and the savings from More at Four is $1,348 (for students completing the third grade in 2006). 
The cost savings from reducing special education placements are only one of the returns to investments 
in early childhood programs, but they make an important contribution and should be considered in 
comprehensive policy analyses of early childhood programs. 

Notes 

1 See (Ladd, Muschkin, & Dodge, 2014) for comparisons of the sample used in this study with an extended sample 
that includes children who attended school in a different county from the one in which they were born. That study 
also tests for bias from the process of matching birth to school records, such that the probability of not being 
matched was systematically related to funding for the early childhood programs. A linear probability model was 
used to test for effects of the program variables on membership in the study sample; the estimated coefficients were 
very small and not statistically significant. 

2 This odds ratio is the transformation of the logit coefficient corresponding to 1 1 times the unit investment, or a 
funding level of $1100. The resulting logit in this case is -.10425 OR = .901. 

3 In 2005-06, third-graders identified as having special needs numbered 15,082; the total number of third graders was 
107,322 (N). The SS savings from a 10 percent reduction in special education placements is calculated as the 
difference between 8000(15082) /N, and {8000[15082+(15082*.l)] }/ N. Enrollment data obtained from North 
Carolina Department of Public Instruction (2006). Education Statistics Access System 
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Table 2. Exceptionality Outcomes, 1997 - 2010 (odds ratios) 


Model l a 

Model 2 b 

Model 3 b 

Model 4 b 

Model 5 b 

Model 6 b 

Model 7 b 

Model 8 b 

Model 9 C 

Any 

Disability 

Behaviorally- 

Emotionally 

Handicapped 

Only 

Educable/ 
Mild Mental 
Disability 
Only 

Specific 

Learning 

Disabled 

Only 

Speech- 

Language 

Impaired 

Only 

Physical 

Disability 

Only 

Other Health 

Impaired 

Only 

Other 

Disability 

Only 

AIG Only 


Smart Start (‘00s) 

0.9906*** 

0.9943 

0.9912 

0.9869*** 

0.9965 

0.9893 

0.9882 

0.9826 

1.0263** 


[0.0033] 

[0.0078] 

[0.0059] 

[0.0040] 

[0.0036] 

[0.0085] 

[0.0086] 

[0.0148] 

[0.0113] 

More at Four ( ‘00s) 

0.9653** 

0.9777 

0.9127** 

0.9616** 

0.9936 

0.9595 

0.9412*** 

1.0547** 

1.0288 


[0.0138] 

[0.0268] 

[0.0387] 

[0.0187] 

[0.0113] 

[0.0255] 

[0.0195] 

[0.0262] 

[0.0284] 

Extremely low birth weight 

4.4450*** 

2.2286*** 

8.1236*** 

2.3856*** 

2.0661*** 

31.7280*** 

5.9413*** 

10.1993*** 

0.3820*** 


[0.1935] 

[0.4290] 

[0.5467] 

[0.1800] 

[0.1171] 

[2.4958] 

[0.5045] 

[1.1003] 

[0.0482] 

Very low birth weight 

2.1200*** 

1.1771 

2.9795*** 

1.5723*** 

1.6474*** 

1 1.3447*** 

2.2398*** 

3.5534*** 

0.7799*** 


[0.0540] 

[0.1360] 

[0.2350] 

[0.0784] 

[0.1205] 

[1.1343] 

[0.1532] 

[0.3610] 

[0.0593] 

Low birth weight 

1.4341*** 

1.1692*** 

1.7483*** 

1.2659*** 

1.3146*** 

2.6242*** 

1.5645*** 

1.9789*** 

0.7842*** 


[0.0179] 

[0.0564] 

[0.0540] 

[0.0258] 

[0.0321] 

[0.1755] 

[0.0421] 

[0.0712] 

[0.0180] 

High birth weight 

0.9295*** 

0.9752 

0.7441*** 

0.9077*** 

0.9909 

0.8295* 

0.9286*** 

1.0176 

1.1303*** 


[0.0124] 

[0.0485] 

[0.0298] 

[0.0159] 

[0.0230] 

[0.0816] 

[0.0261] 

[0.0400] 

[0.0112] 

Female 

0.4325*** 

0.1975*** 

0.5639*** 

0.4063*** 

0.5183*** 

0.7495*** 

0.3813*** 

0.3611*** 

1.0937*** 


[0.0036] 

[0.0077] 

[0.0116] 

[0.0072] 

[0.0072] 

[0.0341] 

[0.0074] 

[0.0118] 

[0.0162] 

Mother’ s education (years) 

0.8797*** 

0.7943*** 

0.7414*** 

0.8632*** 

0.9539*** 

0.9719*** 

0.8914*** 

0.9084*** 

1.3233*** 


[0.0033] 

[0.0059] 

[0.0050] 

[0.0031] 

[0.0049] 

[0.0083] 

[0.0044] 

[0.0085] 

[0.0122] 

Mother is married 

0.9080*** 

0.6184*** 

0.8428*** 

0.8927*** 

1.0058 

1.0066 

0.8819*** 

0.9430* 

1.2498*** 


[0.0107] 

[0.0273] 

[0.0303] 

[0.0158] 

[0.0223] 

[0.0633] 

[0.0211] 

[0.0298] 

[0.0303] 

Mother’s age (years) 

1.0052*** 

0.9920** 

1.0151*** 

0.9971** 

1.0058*** 

0.9946 

1.0071** 

1.0407*** 

1.0277*** 


[0.0011] 

[0.0037] 

[0.0024] 

[0.0013] 

[0.0014] 

[0.0043] 

[0.0030] 

[0.0026] 

[0.0033] 

No information on father 

1.1803*** 

1.5543*** 

1.2573*** 

1.0837*** 

1.0129 

1.1946** 

1.2304*** 

1.2199*** 

0.8584*** 


[0.0147] 

[0.0550] 

[0.0358] 

[0.0223] 

[0.0276] 

[0.0881] 

[0.0361] 

[0.0442] 

[0.0308] 

Mother is immigrant 

0.7191*** 

0.6382*** 

0.4927*** 

0.6766*** 

0.8396*** 

1.0683 

0.6068*** 

0.8282*** 

1.1000*** 


[0.0184] 

[0.0846] 

[0.0692] 

[0.0284] 

[0.0384] 

[0.1338] 

[0.0310] 

[0.0568] 

[0.0341] 


First child born to mother 

0.7576*** 

0.6689*** 

0.7074*** 

0.6875*** 

0.6754*** 

1.1244*** 

1.0071 

1.1196*** 

1.2970*** 


[0.0081] 

[0.0208] 

[0.0183] 

[0.0095] 

[0.0103] 

[0.0473] 

[0.0225] 

[0.0315] 

[0.0240] 

Mother is black 

1.1162* 

1.3971*** 

2.9626*** 

0.9861 

0.9207 

0.9234 

0.7632*** 

2.2911*** 

0.6612*** 


[0.0699] 

[0.1725] 

[0.7947] 

[0.0631] 

[0.0497] 

[0.1850] 

[0.0761] 

[0.5078] 

[0.0359] 

Mother is Native American 

1.0733 

1.0454 

1.8782*** 

1.0078 

0.9682 

1.0882 

0.9744 

1.2465 

0.6835*** 


[0.0572] 

[0.2545] 

[0.3249] 

[0.0584] 

[0.0952] 

[0.3227] 

[0.1010] 

[0.1712] 

[0.0685] 

Mother is Asian 

0.8133*** 

0.7973 

0.5754 

0.6002*** 

1.1940** 

1.1802 

0.2959*** 

1.4442** 

1.2543*** 


[0.0555] 

[0.2766] 

[0.2465] 

[0.0629] 

[0.1015] 

[0.3986] 

[0.0617] 

[0.2604] 

[0.0920] 

Mother is Hispanic 

0.7892*** 

0.4675** 

0.7727 

0.8050*** 

0.8282** 

0.9472 

0.5844*** 

1.1356 

0.8759*** 
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[0.0435] 

[0.1493] 

[0.1991] 

[0.0609] 

[0.0689] 

[0.1668] 

[0.0722] 

[0.1910] 

[0.0442] 

Mother is other race 

0.7003* 

1 

0.2305 

0.3791*** 

1.3417 

1 

1 

5.3726*** 

1.6019*** 


[0.1397] 

[ 0 . 0000 ] 

[0.2542] 

[0.1279] 

[0.3019] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

[1.3556] 

[0.2596] 

Child is black 

0.8777** 

1.2103 

0.8420 

0 . 8668 *** 

0.9129 

0.7885 

0.9833 

0.5410** 

0.5807*** 


[0.0545] 

[0.1519] 

[0.2287] 

[0.0409] 

[0.0523] 

[0.1552] 

[0.1005] 

[0.1327] 

[0.0339] 

Child is Native American 

1.0003 

0.9089 

1.2108 

1.0338 

1.0464 

0.9103 

0.8030 

0.8501 

0.5990*** 


[0.0630] 

[0.1923] 

[0.2074] 

[0.0688] 

[0.0910] 

[0.2407] 

[0.1463] 

[0.1333] 

[0.0340] 

Child is Asian 

0.5170*** 

0.0530*** 

0.4039** 

0.5685*** 

0.5665*** 

0.4055*** 

0.4790*** 

0.4321*** 

1.1208 


[0.0298] 

[0.0448] 

[0.1826] 

[0.0589] 

[0.0591] 

[0.1354] 

[0.1315] 

[0.0976] 

[0.0969] 

Child is Hispanic 

0.6788*** 

0.2253*** 

0.4737*** 

0.8850** 

0.6380*** 

0.8893 

0.4017*** 

0.4868*** 

0.7477*** 


[0.0300] 

[0.0807] 

[ 0 . 1102 ] 

[0.0509] 

[0.0496] 

[0.1697] 

[0.0446] 

[0.0808] 

[0.0415] 

Child is mixed race 

0.8917*** 

1.4413*** 

0.6601*** 

0.9223** 

0.8079*** 

0.9211 

1.0274 

0.6650*** 

0.9301* 


[0.0228] 

[0.1398] 

[0.0898] 

[0.0301] 

[0.0347] 

[0.1167] 

[0.0565] 

[0.0937] 

[0.0380] 

Births to black mothers 

0.5398 

0.9955 

0.4011 

0.3950 

0.8737 

0.1174* 

0.2405 

0.2400 

2.7362 


[0.2548] 

[1.0608] 

[0.3545] 

[0.2310] 

[0.4906] 

[0.1512] 

[0.3674] 

[0.2325] 

[3.3872] 

Births to Hispanic mothers 

2.0330 

0.2830 

1.8480 

2.6019 

0.6623 

1.6034 

3.5422 

7.7122 

6.1331 


[1.8698] 

[0.4511] 

[3.5440] 

[3.2660] 

[0.5175] 

[3.1424] 

[5.7368] 

[11.3415] 

[17.0869] 

Births to low education 

0.4311** 

0.6982 

0.4081 

0.4959 

0.3840* 

0.2893 

0.4841 

0.4871 

0.0144** 

mothers 

[0.1812] 

[0.6456] 

[0.4095] 

[0.3375] 

[0.1940] 

[0.4650] 

[0.3946] 

[0.5912] 

[0.0302] 

Number of births (log) 

1.4275 

1.5138 

1.6495 

1.6999 

1.1520 

1.1317 

1.4372 

1.0441 

0.6828 


[0.4110] 

[0.5807] 

[0.7799] 

[0.6077] 

[0.2478] 

[0.5935] 

[0.5976] 

[0.4511] 

[0.4043] 

Total population (log) 

2.4500** 

4.6099** 

6.9022* 

1.4488 

1.0709 

2.7999 

8.6823*** 

2.2389 

0.0091** 


[1.0425] 

[3.1383] 

[7.4470] 

[0.9059] 

[0.6226] 

[2.9166] 

[6.9744] 

[1.5454] 

[0.0181] 

Median family income 

O. 9999 *** 

0.9999** 

0.9998*** 

0.9999** 

1 . 0000 *** 

O. 9999 *** 

O. 9999 *** 

O. 9999 *** 

1 . 0000 ** 


[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0001 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

Population on Food Stamps 

0.3639 

19.9409 

0.6585 

0.4699 

0.3448 

0.0014 

0.0021 

0.0079 

11.4762 


[0.7098] 

[64.0865] 

[2.6304] 

[1.1932] 

[0.6981] 

[0.0061] 

[0.0082] 

[0.0423] 

[62.5037] 

Population on Medicaid 

0.4196 

0.1188 

0.0102 

1.8050 

1.7032 

15.9147 

1397.8573** 

0.0051 

0.9164 


[0.6976] 

[0.3580] 

[0.0421] 

[3.8430] 

[3.2675] 

[62.4674] 

[4174.0434] 

[0.0171] 

[3.4279] 

County Fixed Effects 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Year Fixed Effects 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Observations 

871,388 

755,364 

763,054 

801,277 

778,236 

750,912 

766,040 

758,682 

751,001 


a Odds ratios refer to effects on having any disability vs. no EC classification. The reference group includes students identified as AIG. 

b Odds ratios refer to effects on having the specific disability vs. having no EC classification. The reference group includes students identified as AIG and excludes students with 
other EC classifications. 

L Odds ratios refer to effects on AIG designation vs. not being identified as AIG. The reference group excludes students with any EC classification. 

Robust standard errors in brackets; * significant at 10%; ** significant at 5%; *** significant at 1% 
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Table 3. Any EC placement, with subgroup interactions (1997-2010) (odds ratios) 


Model 1 

Model 2 

Model 3 

Model 4 

Any EC - 

Any EC - 

Any EC - 

Any EC - 

Basic 

Mother 

Mother 

Mother 

Model 

Education 

Race 

Ethnicity 


Smart Start $00’s (SS) 

0.9906*** 

0.9920** 

0.9930** 

0.9908*** 


[0.0033] 

[0.0033] 

[0.0032] 

[0.0033] 

More at Four $00’s (SS) 

0.9653** 

0.9673** 

0.9604*** 

0.9665** 


[0.0138] 

[0.0142] 

[0.0137] 

[0.0139] 

Mother’s education 

0.8797*** 


0.8795*** 

0.8797*** 


[0.0033] 


[0.0033] 

[0.0033] 

Mother is black 

1.1162* 

1.1204* 

1.1794** 

1.1160* 


[0.0699] 

[0.0733] 

[0.0900] 

[0.0698] 

Mother is Hispanic 

0.7892*** 

0.8998** 

0.7855*** 

0.8551** 


[0.0435] 

[0.0434] 

[0.0429] 

[0.0606] 

SS*low education mother 


0.9959*** 





[0.0010] 



SS*mother black 



0.9932*** 





[0.0019] 


SS*mother Hispanic 




0.9966 





[0.0045] 

MF*low education mother 


0.9934 





[0.0057] 



MF*mother black 



1.0168** 





[0.0068] 


MF*mother Hispanic 




0.9767* 





[0.0128] 

Low education mother (binary) 


1.6855*** 





[0.0236] 



a Odds ratios refer to effects on having any disability vs 

. no EC classification 

. The reference group includes students 

identified as AIG. Robust standard errors in brackets; * 

significant at 5%; ** 

significant at 1% 
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Table 4. Any Exceptionality model with additional control variables (1997 - 2010) 


(1) 


( 2 ) 


( 3 ) 


Basic Model 


Column 1 with District Column 2 with School 

Expenditures Characteristics 


Smart Start ($00’s) 0.9906*** 0.9857*** 

[0.0033] [0.0038] 

More at Four ($00’ s) 0.9653** 0.9590*** 

[0.0138] [0.0141] 

Observations 871,388 871,388 


0.9859*** 

[0.0037] 

0.9597*** 

[0.0140] 

849,120 


Notes: Selected coefficients are from regression models that also include controls for an extensive set of 
child and parent characteristics at time of birth, fixed effects for county and year of birth, and county time 
trends .School characteristics are the percent black students and percent other minority student in the child's 
school, the percent of new teachers in the school, and the average test scores of the teachers in the school. 

District expenditures are per pupil expenditures in 2009 dollars. Revenue by source, all in per pupil 2009 
dollars at the district level are revenue from the state government, from the local district and from the federal 
government. Teacher information, district expenditures, and district revenues by source only available until 2009. 
Standard errors, clustered at the county level, are in brackets. * significant at 10%; ** significant at 5%; *** 
significant at 1%. See Appendix 2 (online) for details. 
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Appendix 1. Exceptionality classifications by type of disability (1997-2010) 


Exceptionality Category 

Type of Disability 

Gifted 

Academic ally-Intellectually Gifted 

Behaviorally-Emotionally Handicapped 

Behaviorally-Emotionally Handicapped , or Serious 
Emotional Disability 

Educable and Mentally Handicapped 

Educable Mentally Disabled, or Intellectually 
Disabled, Mild 

Specific Learning Disabled 

Specific Learning Disabled 

Speech-Language Impaired 

Speech Language Impaired 

Physical Disability Only 

Hearing Impaired, Visually Impaired , 
Orthopedically Impaired or Deafness 

Other Health Impaired 

Other Health Impaired 

Other Disability 

Deaf-Blind, Traumatic Brain Injured, Autistic, 
Severely-profoundly Mentally Disabled, Multi- 
handicapped, Trainable Mentally Handicapped, 
Intellectually Disabled Severe, Intellectually 
Disabled Moderate, Developmentally Delayed, or 
Multi -disabilities 

Not Exceptional 

Not identified as exceptional 

Note: Type of disability refers to the classifications used for students in NCERDC data from 1995 to 2010. 
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Appendix 2: Variable Description 


Source 

Early childhood Initiative 


Smart Start ($00's) 

Annual funding level by county 

SS Program 

More at Four ($00's) 

Annual funding level by county 

MAF Program 

Student Characteristics 

Special Education Status 

l=Yes, 0=No 

NCERDC 

Extremely low birth weight 

l=Yes, 0=No 

Vital Record 

Very low birth weight 

l=Yes, 0=No 

Vital Record 

Low birth weight 

l=Yes, 0=No 

Vital Record 

Normal birth weight 

Reference Group 

Vital Record 

High birth weight 

l=Yes, 0=No 

Vital Record 

Child white 

Reference Group 

Vital Record 

Child black 

l=Yes, 0=No 

Vital Record 

Child native American 

l=Yes, 0=No 

Vital Record 

Child Asian 

l=Yes, 0=No 

Vital Record 

Child Hispanic 

l=Yes, 0=No 

Vital Record 

Child mixed race 

l=Yes, 0=No 

Vital Record 

Mother Characteristics 

Mother's education 

Years 

Vital Record 

Marital status 

l=Yes, 0=No 

Vital Record 

Mother's age 

Years 

Vital Record 

No dad information 

l=Yes, 0=No 

Vital Record 

Mother immigrant 

l=Yes, 0=No 

Vital Record 

First bom 

l=Yes, 0=No 

Vital Record 

Mother white 

Reference Group 

Vital Record 

Mother black 

l=Yes, 0=No 

Vital Record 

Mother native American 

l=Yes, 0=No 

Vital Record 

Mother Asian 

l=Yes, 0=No 

Vital Record 

Mother Hispanic 

l=Yes, 0=No 

Vital Record 

Mother other race 

l=Yes, 0=No 

Vital Record 

County-level demographic data by 
birth year 

Births to black mothers (share of 

Percent 

LINC 1 

births) 

Births to Hispanic mothers (share of births) 

Percent 

Births to low education mothers (share 

Percent 

LINC 

of births) 

Population on Food Stamps (share of 

Percent 

LINC 

population) 

Population on Medicaid (share of 

Percent 

LINC 

population) 
Number of births 

Log 

Vital Record 

Total population 

Log 

LINC 

Median family income (2009 $) 

$10,000 

LINC 

Same County if birth county and 

l=Yes, 0=No 

NCERDC, Vital 

school county 


Record 


LINC 


1 Web resource forNC statistical data, http://linc.state.nc.us/ 
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Appendix 3. Any Exceptionality Models with additional covariates (summarized in Table 4) 


(1) 

(2) 

(3) 

Basic Model 

Column 1 with 

Column 2 with School 

District Expenditures 

Characteristics 


Smart Start ($00’ s) 

0.9906*** 

0.9857*** 

0.9859*** 


[0.0033] 

[0.0038] 

[0.0037] 

More at Four ($00’ s) 

0.9653** 

0.9590*** 

0.9597*** 


[0.0138] 

[0.0141] 

[0.0140] 

Extremely low birth weight 

4.4450*** 

4.4032*** 

4.4096*** 


[0.1935] 

[0.1933] 

[0.1910] 

Very low birth weight 

2.1200*** 

2.1161*** 

2.1162*** 


[0.0540] 

[0.0545] 

[0.0573] 

Low birth weight 

1.4341*** 

1.4290*** 

1.4260*** 


[0.0179] 

[0.0179] 

[0.0186] 

High birth weight 

0.9295*** 

0.9305*** 

0.9290*** 


[0.0124] 

[0.0124] 

[0.0126] 

Female 

0.4325*** 

0.4344*** 

0.4332*** 


[0.0036] 

[0.0037] 

[0.0035] 

Mother’s education 

0.8797*** 

0.8810*** 

0.8785*** 


[0.0033] 

[0.0033] 

[0.0032] 

Mother is married 

0.9080*** 

0.9102*** 

0.9088*** 


[0.0107] 

[0.0107] 

[0.0110] 

Mother’s age 

1.0052*** 

1.0052*** 

1.0050*** 


[0.0011] 

[0.0011] 

[0.0011] 

No information on father 

1.1803*** 

1.1814*** 

1.1827*** 


[0.0147] 

[0.0149] 

[0.0153] 

Mother is immigrant 

0.7191*** 

0.7213*** 

0.7234*** 


[0.0184] 

[0.0187] 

[0.0183] 

First child born to mother 

0.7576*** 

0.7596*** 

0.7577*** 


[0.0081] 

[0.0082] 

[0.0081] 

Mother is black 

1.1162* 

1.1136* 

1.1214* 


[0.0699] 

[0.0688] 

[0.0739] 

Mother is Native American 

1.0733 

1.0687 

1.0938* 


[0.0572] 

[0.0558] 

[0.0556] 

Mother is Asian 

0.8133*** 

0.8091*** 

0.8109*** 


[0.0555] 

[0.0554] 

[0.0579] 

Mother is Hispanic 

0.7892*** 

0.7881*** 

0.7846*** 


[0.0435] 

[0.0435] 

[0.0456] 

Mother is other race 

0.7003* 

0.7025* 

0.6594** 


[0.1397] 

[0.1396] 

[0.1337] 

Child is black 

0.8777** 

0.8804** 

0.9147 


[0.0545] 

[0.0541] 

[0.0568] 

Child is Native American 

1.0003 

0.9997 

1.0356 


[0.0630] 

[0.0616] 

[0.0641] 

Child is Asian 

0.5170*** 

0.5223*** 

0.5283*** 


[0.0298] 

[0.0303] 

[0.0298] 

Child is Hispanic 

0.6788*** 

0.6790*** 

0.6919*** 


[0.0300] 

[0.0299] 

[0.0298] 


43 





Child is mixed race 

0.8917*** 

0.8946*** 

0.9078*** 


[0.0228] 

[0.0228] 

[0.0231] 

Births to black mothers 

0.5398 

0.5011 

0.6143 


[0.2548] 

[0.2926] 

[0.3487] 

Births to Hispanic mothers 

2.0330 

1.6135 

1.6089 


[1.8698] 

[1.5571] 

[1.5583] 

Births to low education mothers 

0.4311** 

0.4208* 

0.3939** 


[0.1812] 

[0.1884] 

[0.1769] 

Number of births (log) 

1.4275 

1.5714 

1.5845 


[0.4110] 

[0.4657] 

[0.4641] 

Total population (log) 

2.4500** 

2.0188 

2.0695 


[1.0425] 

[1.0755] 

[1.0935] 

Median family income 

09999 *** 

09999 *** 

0 9999 *** 


[ 0 . 0000 ] 

[ 0 . 0000 ] 

[ 0 . 0000 ] 

Population on Food Stamps 

0.3639 

0.8697 

0.8259 


[0.7098] 

[1.7465] 

[1.6342] 

Population on Medicaid 

0.4196 

0.0320** 

0.0300** 


[0.6976] 

[0.0502] 

[0.0460] 

Per pupil spending by source, test year 




Local 


1 . 0001 *** 

1 . 0001 *** 



[ 0 . 0000 ] 

[ 0 . 0000 ] 

State 


1 . 0002 *** 

1 . 0002 *** 



[ 0 . 0000 ] 

[ 0 . 0000 ] 

Federal 


1 . 0011 *** 

1 . 0011 *** 



[ 0 . 0002 ] 

[ 0 . 0002 ] 

School characteristics 




Black students 



0.8960** 

[0.0402] 

Other minority students 



0.9608 

[0.1015] 

Inexperienced teachers 



0.7421*** 

[0.0552] 

Average licensure score of teachers 



1.2080*** 

[0.0268] 


County Fixed Effects 

Y 

Y 

Y 

Year Fixed Effects 

Y 

Y 

Y 

Observations 

871,388 

871,388 

849,120 


Notes: Selected coefficients are from regression models that also include controls for an extensive set of child and parent 
characteristics at time of birth, fixed effects for county and year of birth, and county time trends. School characteristics are the percent 
black students and percent other minority student in the child's school, the percent of new teachers in the school, and the average test 
scores of the teachers in the school. District expenditures are per pupil expenditures in 2009 dollars. Revenue by source, all in per 
pupil 2009 dollars at the district level are revenue from the state government, from the local district and from the federal government. 
Teacher information, district expenditures, and district revenues by source only available until 2009. Standard errors, clustered at the 
county level, are in brackets.* significant at 10%; ** significant at 5%; *** significant at 1%. 
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